The
Incidence and Impact of Damage to Tennessee's Timber, 1982

INTRODUCTION
During the periodic inventory of Tennessee's forests conducted from 1979 to 1982 by the Southern Forest Experiment Station, Starkville, MS, damage to live trees on sample plots was noted, and, where possible, a cause or damaging agent was specified. Since a plot is visited only once during the survey, and that visit can be at any time of the year, only agents that produce durable symptoms or signs of damage were reported.
Since the data reported here were gathered by people trained and experienced in forest inventory, not entomology or pathology, qualified people from Region 8, State and Private Forestry, Forest Pest Management, trained the field crews to use a damageidentification handbook (Anderson et al. 1980 ) before going out on the field survey. Specimen kits and forms were provided to crew members for submission of damage samples they might be unable to identify in the field. During the survey, field checks were made to ensure the accuracy and consistency of the recording and collection of the data.
Agents selected to be included in the survey were required to be (1) easily identifiable, (2) present yearround, and (3) present on trees at least 1 inch in diameter at breast height (d.b.h.) . Therefore, small trees with problems such as brown spot and trees of all sizes with damage such as defoliation (which is not apparent in winter) are not included in this report.
There are several reasons why this report does not completely assess the incidence and impact of all damage observed in Tennessee's forests. First, damage is caused by a wide variety of agents; some are easily recognized, others are more difficult to identify. The data presented here for damaging agents that are easily identified and persistent, such as stem and branch rust, are reliable. The data for damaging agents that are more difficult to recognize, such as root rot, are underestimated.
Second, certain types of damage can only be observed during part of the year; these have not been included in this survey in a dedicated category. For example, defoliation caused by insects is only evident at the time of year during which trees normally have leaves, and insects are active. Since survey crews work year-round, defoliation data could not be consistently collected and is recorded only as "other insect" when observed during the summer.
Third, some damaging agents cause trees to die rapidly; these trees were recorded in a mortality (not a damage) category. For instance, trees attacked by bark beetles in summer tend to die rapidly. If the survey crew found a tree with evidence of bark beetle activity, there was a good chance that it was already dead and was tallied as such. Thus, many bark beetle damaged trees would not be recorded in the "Bark Beetle" damage category.
And finally, this was the first survey by the Southern Station crews where these detailed damage codes were recorded. Some inconsistency was seen in the early application of the codes.
Data presented in this Bulletin were compiled for this report in a separate computer run. Similarity will be seen between acres of forest types, timber removals, and mortality by species when compared to numbers presented in "Forest Statistics for Tennessee Counties" (USDA For. Serv. 1982) . Differences in accumulation, definition changes, and rounding will account for the differences in numbers presented.
In spite of these problems the survey gives a good picture of the relative incidence of the preselected, easily recognized damage types (or agents) that persist year round.
SAMPLING PROCEDURE
The sampling procedure used for this inventory was designed to provide reliable statistics on a statewide basis or for large groups of counties. It also accurately summarizes species having a relatively large total volume in the State. However, errors associated with relatively minor species, like cottonwood or pondcypress, exceed those for such major species as loblolly pine. The data on forest acreage and timber volume in this report were obtained by a sampling method involving a forest-nonforest classification on aerial photographs linked to ground measurements of trees at sample locations. The sample locations were at the intersections of a grid of lines spaced 3 miles apart. In Tennessee, 123,516 photographic classifications were made and 6,941 ground locations were visited. The initial estimates of forest area obtained from aerial photographs were adjusted on the basis of the ground check.
A cluster of 10 variable-radius plots was installed at each ground sample location. Each sample tree on the variable-radius plots represented 3.75 square feet of basal area per acre. Trees less than 5.0 inches in diameter were tallied on fixed-radius plots around the plot centers. Trees on a subsample of plots were measured in detail to obtain data for calculating timber volumes.
Plots established during the fourth survey of Tennessee (Murphy 1972) were remeasured during this (the fifth) survey to determine the elements of change, and these remeasured plots are the basis for estimating growth, mortality, removals, and changes in land use. Percentage of loss in an individual tree was estimated in the field. Volume loss by pest/tree combination and total volume loss attributable to all agents damaging a species were subsequently computed. Data on percent incidence of damage do not imply total economic loss; only a part of the volume in cull would fail to qualify for some commercial use, such as firewood. Cull includes loss due to crooks, limbs, decay, missing wood, sweep, large forks, and sections of the bole too rough to be used as pulpwood or sawtimber. The volume loss was determined by totaling the volume of cull by species.
COMPUTATION METHODS
Limits
Mortality could not be attributed to specific damaging agents because it was often impossible to determine the cause of death. In many cases, a tree which had been tallied in the fourth survey 10 years earlier (Murphy 1972) was simply missing. It was possible, however, to determine volume loss due to mortality for each tree species on each plot. Accumulating total volume per dead tree by tree species resulted in the total volume loss for poles and sawtimber by tree species. Economic impact was determined by multiplying the total wood fiber and quality loss for each tree species by the stumpage value per unit. These dollar estimates were taken from an average of a sample of timber sales in Tennessee in 1982.
INCIDENCE OF DAMAGING AGENTS
Tennessee has 12,863,200 acres of commercial forest, and most of the acreage is in the oak-hickory, mixed hardwood, oak, Virginia pine, and Virginia pine/hardwood forest types. Table 1 shows the acreage in the various stand-size classes and forest types. The remaining tables in this report show how much of the timber resource was damaged and the agents responsible for the damage. Remember, the term "damage" refers to an injury the tree has suffered. A damaged tree is still living. The term "cull" as used in this report includes damage due to crooks, limbs, decay, missing wood, sweep, large forks, and volume in sections of the bole that are too rough to be utilized as pulpwood or as sawtimber. Tables 2 and 3 show percentage of trees damaged, by size class and tree species. Overall, hardwoods had more damage than softwoods, and more sawtimber was damaged than poletimber or saplings. Eastern red cedar, Virginia pine, and shortleaf pine were the most abundant softwood species in Tennessee, and 25 percent or more of both poletimber-and sawtimbersize trees of all three species were damaged.
The percentage of saplings damaged was generally much higher for hardwoods than softwoods. In most hardwood species, 40 to 70 percent of the saplings were damaged. The most frequently damaged saplings were basswood and black walnut. Hardwood poletimber was damaged more often than saplings but less often than sawtimber. All of the cottonwood poletimber seen showed damage.The most frequently damaged hardwood sawtimber trees were beech, soft and hard maples, and blackgum. More than 70 percent of the trees in these species were damaged. Table 4 shows the incidence of damage to various softwood hosts. The most common causes of softwood damage were suppression and stagnation, weather, and logging. These types of damage were reported for almost all of the softwoods. Fusiform (caused by Cronurtium quercuum (Berk.) Miy. ex Shirai f. sp. fusiforme), comandra (caused by Cronartium comandrue Pk.), and eastern gall rust (caused by Cronurtium quercuum (Berk.) Miy. ex Shirai f. sp. quercuum) are lumped into the category gall rusts. These rusts were recorded only if the gall was on or within 12 inches of the main stem. If galls farther out on limbs had been recorded, the reported incidence of rust would have been much greater. Incidence of these three diseases was significantly lower than expected, affecting less than 1 percent of the loblolly, shortleaf, and Virginia pines. Basal defect, branch stubs, and dieback were also commonly reported on softwoods.
Bark beetles are considered to be the most serious insect pest of the pine in the Southeast; however, no bark beetle damage on live softwood trees was reported. The main reason for this is that this survey only reports damage to living trees, and most often bark beetles kill their host trees and dead trees were recorded as mortality.
Reported incidence of damage due to insects on both hardwoods and softwoods was very low. However, it is believed that insect damage is significantly underestimated due to the difficulty in diagnosing and evaluating incidence and severity of many types of insectcaused damage. Table 5 shows the incidence of damage to hardwoods. All of the reportable problems were recorded during the survey. The most common problems observed in hardwoods were branch stubs, dieback, root rots, weather, and suppression and stagnation. Saplings of all hardwoods had some degree of branch stubs; basswood was the worst, with 5.5 percent of the saplings damaged. Damage from branch stubs increased with increased age. Incidence averaged 7.1 percent in poletimber and 8.2 percent in sawtimber. Saplings also had a high incidence of damage due to suppression and stagnation; this damage was reported for 13 of the 16 hardwoods. Mean (unweighted) incidence of damage to the 13 hardwoods was 12.1 percent for saplings; but, as expected, by the sawtimber stage this problem was reported for only 3 of the 16 hardwoods (unweighted mean incidence of .2 percent for the three species). Other diseases were reported at a very high level. With only one exception (cottonwood, a minor forest component), damage in this heterogeneous class ranged from 10 to 65 percent incidence. Other diseases is the primary complex which affects major forest species in the merchantable classes. Generally other diseases ranged from 5 to 15 percent for softwood and 10 to 25 percent for hardwood.
Among the minor forest species, an extremely high percentage (74.9 percent) of the cottonwood poletimber was damaged by weather. Basswood saplings were damaged by other diseases in 65.9 percent of the sample. There are, however, only three other hardwoods where incidence of a specific damaging agent exceeds 30 percent.
MORTALITY, LOSSES TO CULL, QUALITY LOSS, AND ECONOMIC IMP+CT
Annual mortality of softwood timber is shown in table 6. Softwood poletimber mortality was more than 65 percent of the annual volume of poletimber removals while sawtimber mortality represented approximately 25 percent of the annual sawtimber removal volume. For hardwoods the figures are approximately 50 percent for poletimber and 15 percent for sawtimber. The mortality figures shown in table 6 are the total for the resource and do not reflect any discounting for trees whose death represented no economic loss. Table 6 also shows the estimated volumes of cull for the major species groups in Tennessee. Annual timber removal figures are given to place the volume losses in perspective.
There are approximately 7.3 hardwoods for each softwood in the state. When volume loss is compared (softwood:hardwoods), however, both the sawtimber (4.3:1) and poletimber (4.4:1) ratios suggest a much more severe volume loss per unit in softwoods. Analysis of this loss showed that hardwood poletimber cull was significantly greater per unit than softwood cull (20.3:1.0), but softwood mortality per unit is greater in both sawtimber (2.9:l.O) and poletimber (2.81.0) classes. Cull in the sawtimber category approximates the population ratio (8.1:l.O vs 7.3:l.O).
The economic impact of damaging agents is greatest in hardwood sawtimber, which showed an annual loss of about $16.5 million (table 7). Poletimber value loss is similar for both hardwood ($789 million) and for softwoods ($658 million) despite a major discrepancy in volume lost (64 MMft3). This is a reflection of the skew of pole value in favor of softwood poletimber. Overall, 80 percent of all economic impact was in hardwoods, and about 93.5 percent of the total economic impact was in sawtimber-size trees.
DAMAGING AGENTS, GROWTH DEFECTS, AND SYMPTOMS
The definitions presented under the subheadings Diseases, Growth Defects, Natural Phenomena, Animals and Birds, Insects, and Human Activities are those used in the field manual prepared by Anderson, et al. (1980) . They describe the problems reported by the field crews.
Diseases
Fusiform Rust.-Common host species: Slash, loblolly, and shortleaf pines. Symptoms and signs: Spindle-shaped galls formed on the stem or on branches within 12 inches (30.5 cm> of the bole. Older galls appear as cankers with sunken, rotten centers encircled by a callus ridge. Witches' brooms are common at galls. Bright orange spores are produced on the galls in the spring.
Hardwood Cankers. -Common host species: All hardwoods. Symptoms and signs: Dead, sunken area formed on the stem, frequently with annual callus ridges around the dead area.
Littleleaf Disease. -Common host species: Shortleaf and loblolly pines, but shortleaf is more suscepti-ble. Symptoms and signs: Affected trees occur in groups. Short, yellow needles; reduced shoot growth and large crops of under-sized cones are typical symptoms. Littleleaf disease usually occurs in trees growing on heavy clay soils with poor internal drainage.
Pitch Canker.-Common host species: Most southern pines, but primarily slash, loblolly, and shortleaf. Symptoms and signs: Flagging at branch ends, pitch flow from affected area, slight swelling on affected stems and twigs, crooks in main stem, and wilting of current candles are all symptoms of this disease.
Root Rots. -Common host species: All tree species. Symptoms and signs: Diseased trees, often with thin, tufted crowns, frequently occur in groups that usually contain dead or windthrown trees. Conks (fruiting bodies) of various fungi may be present on or near the bases of diseased trees. Boot rots are more frequent in trees of reduced vigor, thinned stands, and in trees with butt or root injury. Trees with root rots are often subsequently attacked by bark beetles.
Other Diseases.-Common host species: All tree species. Symptoms and signs: All damage caused by diseases not identified in separate categories (e.g., red heart of pine, brown spot, and leaf diseases). Basal Defect.-Common host species: All tree species. Symptoms and signs: Butt swelling, curls, V-shaped stump sprouts, frost seams, and low stubs below 4.5 feet are symptoms of basal defect.
Dieback. -Common host species: All hardwoods. Symptoms and signs: Tips of the branches die back. Initially, only a few branches are affected, but in advanced stages, entire branches die with the possibility of tree mortality. Dieback is frequently associated with stress caused by an unfavorable environment.
Suppression and Stagnation.-Common host species: All tree species. Symptoms and signs: Suppressed and stagnated trees are characterized by poor form and small crowns. Suppressed trees are overtopped and receive indirect sunlight. Stagnated trees have thin foliage despite receiving some direct sunlight. Stagnation is usually associated with poor growing sites or overstocking.
Form (damaging) .-Common host species: All tree species. Symptoms and signs: All trees 5.0 inches d.b.h. and larger that are deformed due to unknown causes.
Natural Phenomena
Fire.-Common host species: All tree species. Symptoms and signs: Fire scars are usually at the base of the stem and are widespread in the stand. The scars are usually on the uphill side of the tree, and signs of charring are generally present on the stem.
FZooding.-Common host species: All tree species. Symptoms and signs: Yellowing and curling downward of leaves, premature leaf fall, branch and top dieback, tree mortality, and high water and silt marks on tree boles are the most common effects of flooding.
Lightning. -Common host species: All tree species. Symptoms and signs: Lightning causes bark stripping or cracking, with damage running from the strike point to the ground in a straight or spiral line. Often, the foliage will fade due to root damage or top breakage. Bark beetles often invade struck trees.
Weather.-Common host species: All tree species. Symptoms and signs: Windthrow, ice, frost cracks, broken tops, broken branches, marginal leaf burn, and winter burn are the common symptoms.
Animals and Birds
Beaver.-Common host species: All tree species. Symptoms and signs: Beavers leave toothmarks and remove the bark from the bole of the tree. Trees are often flooded by water impoundment, which can lead to flooding damage and death.
Other Animals.-Common host species: All tree species. Symptoms and signs: Branches clipped off or broken, bark removed, holes in the stem, and tears and toothmarks in the wood are all common signs of animal activity.
Sapsucker. -Common host species: All tree species. Symptoms and signs: Horizontal rows of small holes that may encircle the tree's bole are seen. Bark below the holes is usually streaked or stained by oozing sap.
Insects
Bark Beetles.-Common host species: All pines. Symptoms and signs: Symptoms include pitch tubes, bark beetle galleries on the inner bark surface and the surface of the sapwood, exit holes, and loose bark. Streaks caused by blue stain fungi are often evident in the sapwood. Foliage of infested trees gradually yellows and then turns red.
Hardwood Borers. -Common host species: All hardwoods. Symptoms and signs: The initial symptom is a dark sap spot on the bark surface, often mixed with frass. Eventually, coarse boring particles appear in bark cracks and crevices beneath the point of attack. Old damage appears as knobby overgrowths or scars on the bark surface.
Terminal Shoot and Stem Borers.-Common host species: All tree species. Symptoms and signs: Fresh attacks show boring dust and frass at the entrance holes, which are most often located at the base of leaf petioles and buds. Resin globs may be present at points of attack. Dieback results from larval tunneling within terminal shoots and branches. Foliage on the shoots turns yellow, red, and finally brown.
Other Insects. -Common host species: All tree species. Symptoms and signs: All damage caused by insects not identified in separate categories. Includes hardwood defoliators (e.g., orangestriped oakworm and fall cankerworm), pine defoliators (e.g., redheaded pine sawfly), and pine weevils.
Human Activities
People.-Common host species: All tree species. Symptoms and signs: Initials in bark, nails in tree, burns from lanterns, stripped bark, wire around stem, and ax marks are signs of damage by people.
Logging and Related.-Common host species: All tree species. Symptoms and signs: Logging scars on the stem will form callus ridges within 1 to 2 years after wounding. Trees with logging damage are scattered in stands and show no charring. Broken limbs and scars on the stem near the crown will occur from the felling of other trees. Skid trails, stumps, or other evide_nce of logging will be present.
FOREST SURVEY TERMS
The following terms, used by the Forest Inventory Analysis group are presented to clarify some of the constraints placed on the data collected, and on subsequent data analysis.
Acceptable Trees. -Growing-stock trees of commercial species that meet specified standards of size and quality, but do not qualify as desirable trees.
Annual Accumulated Cull.-Total cull divided by the intrasurvey period.
Basal Area.-The area in square feet of the cross section at breast height of a single tree or of all the trees in a stand, usually expressed in square feet per acre.
Commercial Forest Land. -Forest land producing or capable of producing crops of industrial wood and not withdrawn from timber utilization.
Cull Volume.-Total volume loss due to crooks, limbs, decay, missing wood, sweep, large forks, and volume in sections of the bole too rough to be used as sawtimber or pulp.
Desirable Trees. -Growing-stock trees of commercial species having no serious quality defects that limit present or prospective use for timber products, of relatively high vigor, and containing no pathogens that may result in death or serious deterioration before rotation age.
D.b.h. (Diameter at breast height
Diameter Class. -A classification of trees based on diameter outside bark, at d.b.h. Two-inch diameter classes are commonly used in forest surveys, with the even numbered inch as the approximate midpoint for a class. For example, the 6-inch class includes trees 5.0 through 6.9 inches d.b.h.
Growing-Stock Trees. -Live trees of commercial species excluding rough and rotten trees.
Hard woods . -Dicotyledonous trees, usually broadleaved and deciduous.
Incidence. -Percentage of susceptible trees affected by a damaging agent.
Intrasuruey Period. -The number of years between the current survey and the past survey.
Mortality. -Number or sound-wood volume of live trees that died from natural causes during the intrasurvey period.
Poletimber Trees. -Live trees of commercial species at least 5.0 inches d.b.h. but smaller than sawtimher size, of good form and vigor.
Rough and Rotten Trees.-Live trees that are unmerchantable for saw logs currently or potentially because of defect, rot, or species.
Saplings. -Live trees 1.0 to 4.9 inches d.b.h. and of good form and vigor.
Saw Log.-A log meeting minimum standards of diameter, length, and defect, including logs at least 8 feet long, sound and straight, with a minimum diameter inside bark of 6.0 inches for softwoods and 8.0 inches for hardwoods.
Sawtimber Trees.-Live trees of commercial species containing at least one 12-foot saw log, or two noncontiguous saw logs, each 8 feet or longer, with at least one-third of the gross board-foot volume between the l-foot stump and minimum saw log top being sound. Softwoods must be at least 9.0 inches d.b.h. and hardwoods at least 11.0 inches d.b.h. Sawtimber Volume.-Net volume of the saw log portion of live sawtimber in board feet of the International rule, l/Cinch kerf.
Softwoods. -Coniferous trees, usually evergreen, having needles or scalelike leaves.
Species Groups.-Sets of tree species pooled together for standard reporting.
. Hard maples: Florida, black, and sugar maples. . Soft maples: Boxelder, red, and silver maples. . Select red oaks: Cherrybark, northern red, and shumard oaks. . Other red oaks: Scarlet, southern red, laurel, water, willow, black, and others not in select red oaks. . Select white oaks: White, swamp white, bur, and swamp chestnut oaks. . Other white oaks: Overcup, chestnut, post, live, and others not in select white oaks.
. Other eastern hardwoods: Buckeye, birch, hackberry, dogwood, persimmon, honeylocust, silverbell, holly, butternut, cucumbertree, mulberry, scrub oaks, willow, and other commercial species. Stand-size Class.-A classification of forest land based on the size class of growing-stock trees on the area.
Sawtimber stands: Stands at least 16.7 percent stocked with growing-stock trees, with half or more of the total stocking in sawtimber or poletimber trees and sawtimber stocking at least equal to poletimber stocking. Poletimber stands: Stands at least 16.7 percent stocked with growing-stock trees, with half or more of this stocking in poletimber and sawtimber trees, and poletimber stocking exceeding that of sawtimber. Sapling-seedling stands: Stands at least 16.7 percent stocked with growing-stock trees, of which more than half of the stocking is saplings and seedlings. Susceptible Trees. -All living trees. Includes desirable and acceptable trees, as well as rough and rotten trees.
Timber Removals.-The net volume of growingstock trees removed from the inventory by harvesting or cultural operations such as timber-stand improvement, land clearing, or changes in land use.
TSI. -Timber stand improvement. 'Cull due to crooks, limbs, decay, missing wood, sweep, large forks, and volume in sections of bole that are too rough to be utilized as pulpwood or as sawtimber.
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